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1028Objectives: Avariety of protective strategies during repeat sternotomy been proposed; however, it remains un-
clear for which patients they are warranted.
Methods:We identified adults undergoing repeat median sternotomy for routine cardiac surgery at our institu-
tion between January 1, 1996, and December 31, 2007. The operative notes and perioperative outcomes were
reviewed.
Results: Of the 2555 patients, 1537 (60%) had undergone previous coronary artery bypass grafting, 700 (27%)
previous mitral valve surgery, and 643 (25%) previous aortic valve replacement (AVR). Sixty-one patients (2%)
had prior mediastinal radiotherapy, and 424 (17%) had more than one previous sternotomy. In 231 patients, 267
injuries (9.0%) occurred. Injury occurred during sternotomy in 87 patients (33%) and during prepump dissec-
tion in 135 (51%). The hospital mortality rate was 6.5% among those without injury and 18.5% among those
with injury (P<.001); when injury occurred during sternal division, the mortality rate was 25%. Injuries were
more common after previous coronary artery bypass grafting (11% with previous coronary artery bypass graft-
ing vs 7% without, P ¼ .0012) but not previous AVR, mitral valve surgery, or aortic surgery. Injury was also
more common when the current operation was AVR (10% with AVR vs 8% without, P¼ .04) or aortic surgery
(14% vs 8%, P ¼ .004). On multivariate analysis, previous radiotherapy (odds ratio, 4.9), a greater number of
previous sternotomies (odds ratio 1.7), and a patent internal thoracic artery (odds ratio, 1.8) predicted injury.
Injury was an independent risk factor of hospital death (odds ratio, 2.6).
Conclusions: Particular attention to protective strategies should be considered during reoperative sternotomy
among patients with multiple previous sternotomies, previous mediastinal radiotherapy, and those with patent
internal thoracic artery grafts. (J Thorac Cardiovasc Surg 2010;140:1028-35)With improving long-term survival after cardiac surgical in-
terventions, the number of reoperative cardiac surgical pro-
cedures has increased. These procedures are of greater
technical complexity, and heightened concern exists for in-
jury to cardiac structures and previously placed bypass
grafts.1,2 A variety of protective strategies have been
described for the reoperative setting including preoperative
computed tomography, peripheral cannulation for
cardiopulmonary bypass and institution of bypass before
sternotomy2-4; however, it remains unclear in whom such
interventions should be instituted. We, therefore, examined
our institutional experience with reoperative sternotomy to
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The Journal of Thoracic and Cardiovascular Surcommonly injured structures, predictors of injury, and the
effect of such injury on hospital morbidity and mortality.MATERIALS AND METHODS
Using our prospective cardiovascular surgery database, we identified
2555 adult patients who had undergone repeat median sternotomies at
the Mayo Clinic Rochester between January 1, 1996 and December 31,
2007. Repeat sternotomies during the same hospital admission were ex-
cluded, as were patients undergoing heart transplantation, ventricular assist
device implantation, or correction of congenital heart defects. During this
same interval, 18,950 primary sternotomy procedures were performed
among the same patient population; reoperations represented 13.5% of
procedures performed during this period.
The electronic medical records, including all operative notes, were re-
viewed. Because the injury was identified retrospectively, only those in-
juries of sufficient magnitude to prompt notation in the operative report
could be included. The end points of the present study were injury during
reoperation and hospital mortality and morbidity. The criteria for preoper-
ative risk factors and postoperative complications were according to the
definitions of the Society of Thoracic Surgeons Adult Cardiac Surgery Da-
tabase. This studywas approved by the Institutional Review Board ofMayo
Clinic Foundation, and study specific consent was waived. Only patients
who had previously given consent for inclusion in such research studies
were included.
Statistical Analysis
Continuous variables are presented as the mean  standard deviation.
Categorical variables are summarized as frequencies and percentages.gery c November 2010
Abbreviations and Acronyms
ACC ¼ aortic crossclamp
AVR ¼ aortic valve replacement
CABG ¼ coronary artery bypass grafting
CPB ¼ cardiopulmonary bypass
ITA ¼ internal thoracic artery
SVG ¼ saphenous vein graft
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DContinuous variables were compared using the 2-sample t test or rank-sum
test, and categorical variables were compared using the c2 or Fisher’s exact
test, as appropriate.
The variables included in the multivariate analysis were those detected
by univariate models as having a significant association (P<.05). To iden-
tify independent risk factors for injury and hospital death, stepwise logistic
regression analysis was performed. The statistical analyses were performed
using the Statistical Analysis System, version 9.1 (SAS Institute Inc, Cary,
NC).A
CRESULTS
Overall, of the 2555 patients undergoing repeat sternot-
omy, the mortality rate was 7.3% for those undergoing
their first reoperation (156/2131), 8.5% for those undergo-
ing their second reoperation (30/354), and 11.4% for
those undergoing their third or more (8/70) reoperation.
Of the 267 instances of injury among 231 patients
(9.0%), the incidence of injury was 7.8% among those
undergoing first-time reoperations, 14.7% among the sec-
ond reoperations, and 17.1% among those undergoing
their third or more reoperation. The frequency of injury
was consistent during the study interval (P ¼ .43). The
mortality rate associated with injury overall did not
change over time (P ¼ .71). The perioperative mortality
rate was 18.6% among those with injury and 6.5% among
those without (P< .001).
The characteristics of the study population are listed in
Table 1. The injury and no-injury groups were demograph-
ically similar. More patients in the injury group had under-
gone previous coronary artery bypass grafting (CABG)
(70.1% vs 59.2%, P¼ .001), andmore had a patent internal
thoracic artery (ITA) (62.9% vs 52.2%, P ¼ .011). Among
those with previous CABG, the incidence of injury was
11% versus 7% among those without previous CABG
(P ¼ .0012). Injury was also more common when the cur-
rent, but not previous, operation was aortic valve replace-
ment (AVR) (10% with AVR vs 8% without, P ¼ .04) or
aortic surgery (14% vs 8%, P ¼ .004).
The operative status was similar between the injury and
no-injury groups. An interval between the index operation
and previous sternotomy was more often less than 12
months in the injury group (16.2% vs 10.9%, P ¼ .017).
Active endocarditis was more common in the injury group
(13.9% vs 9.1%, P ¼ .020). The numbers were small, butThe Journal of Thoracic and Cara history of mediastinitis did not appear to be different
between the 2 groups (2.7% vs 1.4%, P ¼ .113). Three pa-
tients had active mediastinitis at reoperation, two of whom
experienced injury. Patients with injury more often had un-
dergone more than one previous sternotomy (27.7% vs
15.5%,P<.001) or radiotherapy (8.1% vs 1.9%,P<.001).
Injuries were more common during prepump dissection
(50.1%) than during division of the sternum (32.6%).
However, as listed in Table 2, the associated mortality
rate was greater if the injury occurred during sternotomy
(25.0% vs 16.5% during prepump dissection). Overall,
the frequency of injury to saphenous vein grafts (SVGs),
ITA grafts, or the innominate vein, aorta, or right ventricle
was similar (Table 3), but they differed in frequency of in-
jury by the stage of surgery. Injuries during sternal divi-
sion were most common to the innominate vein (23.0%),
followed by the aorta (19.5%) or right ventricle
(19.5%). Injuries to SVGs (12.6%) and the ITA (11.5%)
were less common during sternal division than during pre-
pump dissection (SVG 21.5% and ITA 20.7%). The great-
est mortality rate during sternotomy was associated with
injury to an SVG (36.4%) (Table 4). This was in contrast
to a mortality rate of 6.9% when SVG injury occurred
during prepump dissection. Conversely, when the ITA
was injured, the associated mortality rate was lower during
sternotomy (10%) than during prepump dissection
(23.1%). Injury to the right ventricle was associated with
an overall mortality rate of 35.5%. The mortality rate
was somewhat greater when it occurred during prepump
dissection (37.5%) than during sternal re-entry (29.4%).
Of the patients with injury to the right ventricle, regardless
of timing (n ¼ 31), data concerning pulmonary artery pres-
sures were available for 17 of whom 7 died. The mean pul-
monary artery pressure was lower among the survivors
(48.5  16.6 vs 60.0  17.5 mm Hg, P ¼ .171). Of those
with right ventricular injury, those with a systolic pulmo-
nary artery pressure of 50 mm Hg or greater had a higher
mortality rate than those with normal pulmonary pressures
(55.6% vs 25.0%, P ¼ .335).
Efforts to investigate the effect of surgical experience on
outcome are complicated by differences in practice be-
tween staff surgeons with regard to involvement of assis-
tant surgeons and no retrospective method to determine
who opened the case. When we examined the incidence
of injury during repeat sternotomy by the surgeon of re-
cord, the incidence of injury ranged from 4% (4/91) to
17% (36/177) (P<.001). No relationship was apparent be-
tween the incidence of injury and the years of experience,
perhaps, in part, because the case-mix differed markedly
among individual surgeons. Similarly, the mortality rate
associated with injury ranged by surgeon from 7% (1/14)
to 50% (2/4) (P ¼ .2), with the greatest mortality rate
observed for a senior surgeon who also had the lowest
incidence of injury.diovascular Surgery c Volume 140, Number 5 1029
TABLE 1. Preoperative patient characteristics
Characteristic
No injury
(n ¼ 2324)
Injury
(n ¼ 231) P value
Age (y) 66.9  12.4 67.7  11.5 .509
Men 1583 (68.1%) 167 (72.3%) .192
Diabetes mellitus 499 (21.5%) 61 (26.4%) .084
Hypertension 1536 (66.2%) 158 (68.4%) .490
Hypercholesterolemia 1656 (71.4%) 171 (74.0%) .395
Myocardial infarction 633 (27.3%) 68 (29.4%) .480
Congestive heart failure 758 (32.6%) 89 (38.5%) .069
NYHA .064
I-II 492 (21.2%) 37 (16.0%)
III-IV 1830 (78.8%) 184 (84.0%)
Ejection fraction (%) 54.3  13.7 52.7  14.0 .124
Systolic PA
pressure (mm Hg)
48.4  17.9 49.1  19.9 .973
Status .237
Elective 1876 (80.7%) 179 (77.5%)
Urgent/emergent 448 (19.3%) 52 (22.5%)
Cardiogenic shock 25 (1.1%) 2 (0.9%) .766
Renal failure 219 (9.4%) 25 (10.8%) .490
Cerebrovascular accident 212 (9.1%) 31 (13.4%) .034
Peripheral vascular disease 388 (16.7%) 44 (19.0%) .366
Radiotherapy 43 (1.9%) 18 (8.1%) < .001
COPD 305 (13.1%) 26 (11.3%) .419
Mediastinitis 30 (1.3%) 4 (1.8%) .550
Infective endocarditis 212 (9.1%) 32 (13.9%) .020
Patent ITA 699 (52.2%) 100 (62.9%) .011
Previous sternotomy (>1) 360 (15.5%) 64 (27.7%) < .001
Interval ( 1 year) 248 (10.9%) 36 (16.2%) .017
Previous operation
CABG 1375 (59.2%) 162 (70.1%) .001
Aortic valve surgery 586 (25.2%) 57 (24.7%) .857
Mitral valve surgery 645 (27.8%) 55 (23.8%) .200
Tricuspid valve surgery 64 (2.8%) 9 (3.9%) .320
Aorta surgery 167 (7.2%) 20 (8.7%) .413
Current operation
CABG 897 (38.6%) 104 (45.0%) .056
Aortic valve surgery 1020 (43.9%) 118 (51.1%) .036
Mitral valve surgery 821 (35.3%) 80 (34.6%) .833
Tricuspid valve surgery 414 (17.8%) 52 (22.5%) .078
Aortic surgery 232 (10.0%) 37 (16.0%) .004
NYHA, New York Heart Association; PA, pulmonary artery; ITA, internal thoracic
artery;COPD, chronic obstructive pulmonary disease; CABG, coronary artery bypass
graft.
TABLE 2. Hospital mortality according to timing of injury
Timing Mortality rate with injury P value
Re-entry 19/76 (25.0%) < .001
Prepump 20/121 (16.5%) < .001
CPB 3/14 (21.4%) .05
ACC 1/11 (9.1%) .85
Closing 5/17 (29.4%) < .001
CPB, Cardiopulmonary bypass; ACC, aortic crossclamp.
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DProtective strategies have not been systematically or
programmatically applied; however, we made an attempt
to determine their effect. Of the 2555 patients in the present
study, cardiopulmonary bypass (CPB) was instituted before
sternotomy in 40 patients (Figure 1). Of these 40 patients,
13 (32.5%) experienced an injury, with a hospital mortality
rate of 30.8% (4/13). The hospital mortality was no differ-
ent for these 40 patients between those who did and did not
experience injury (P ¼ .43). Of the 2515 patients whose
sternum was opened without first instituting CPB, injuries
occurred in 218 (8.7%). Of these patients, CPB was insti-1030 The Journal of Thoracic and Cardiovascular Surtuted emergently in 98 patients (45.0%), with a hospital
mortality rate of 20.4% compared with 15.8% for those
with injury but who were not placed on CPB (P ¼ .48).
This difference might simply reflect differences in the se-
verity of injury.
Preoperative computed tomography (CT) was performed
at the discretion of the operating surgeon. Similar to the in-
stitution of CPB before sternotomy, the protective effect of
such scanning could not be evaluated because those who
had undergone CT scanning were likely preselected as be-
ing at particularly high risk. Of the total group, however,
CT scans were performed for 341 patients, of whom 52 ex-
perienced an injury. The incidence of injury was 8.1%
among those without and 15.2% among those with a CT
scan (P<.001). An effort was made to perform propensity
matching; however, among the 218 matched pairs, the in-
jury rate was not different (9.2% without CT vs 11.9%
with CT, P ¼ .35). The hospital death rate was greater for
the CT patients (6.4% vs 11.9%, P ¼ .047); however,
among the injured patients, only 8 matched pairs were
possible.
Postoperative morbidity is listed in Table 5. Patients with
injury more often required intraoperative blood transfusion
and more frequently required an intra-aortic balloon pump
or other mechanical support. Postoperative morbidity, in-
cluding intensive care unit length of stay, reoperation for
bleeding, prolonged ventilation, and multiorgan failure,
was also greater among the patients who had an injury.
The predictors for injury and hospital death were identi-
fied by multivariate analysis. Previous radiotherapy (odds
ratio, 4.89; P<.001), an increased number of sternotomies
(odds ratio, 1.74; P<.001), and a patent ITA (odds ratio,
1.82; P < .001) were independent predictors of injury
(Table 6). Injury during reoperation was an independent
risk factor for hospital death (odds ratio 2.59, P< .001),
as was previous CABG (odds ratio, 1.92; P ¼ .001), and
previous AVR (odds ratio, 1.91; P ¼ .001) or current
AVR (odds ratio, 1.58; P ¼ 0.008) (Table 7).DISCUSSION
The results of the present study have confirmed the sig-
nificant risk of cardiovascular injury during reoperative car-
diac surgery. The operative mortality and morbidity
associated with such injury is significant, particularlygery c November 2010
TABLE 3. Incidence of injury according to timing and structure of injury
Variable Re-entry Prepump CPB ACC Closing Total
ITA 10 (11.5%) 28 (20.7%) 3 (17.6%) 0 (0%) 0 (0%) 41 (15.4%)
SVG 11 (12.6%) 29 (21.5%) 4 (23.5%) 0 (0%) 1 (5.9%) 45 (16.9%)
Aorta 17 (19.5%) 15 (11.1%) 0 (0%) 1 (9.1%) 1 (5.9%) 34 (12.7%)
INOV 20 (23.0%) 15 (11.1%) 1 (5.9%) 1 (9.1%) 1 (5.9%) 38 (14.2%)
RV 17 (19.5%) 8 (5.9%) 3 (17.6%) 1 (9.1%) 2 (11.8%) 31 (11.6%)
RA 6 (6.9%) 8 (5.9%) 1 (5.9%) 1 (9.1%) 0 (0%) 16 (6.0%)
Other 6 (6.9%) 32 (23.7%) 5 (29.4%) 7 (63.6%) 12 (70.6%) 62 (23.2%)
Total injury 87 (32.6%) 135 (50.6%) 17 (6.4%) 11 (4.1%) 17 (6.4%)
CPB, Cardiopulmonary bypass; ACC, aortic crossclamp; ITA, internal thoracic artery; SVG, saphenous vein graft; INOV, innominate vein; RV, right ventricle; RA, right atrium.
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Dwhen occurring during division of the sternum itself. These
risks are greatest among patients with multiple previous
sternotomies and among those with a history of chest radio-
therapy. Patients with patent bypass grafts, specifically pat-
ent ITA grafts, are also at particular risk. Although not
evident as risk factors independent of the above onmultivar-
iate analysis, the patients whose previous operation had
been performed less than 12 months previously and those
undergoing current AVR or aortic replacement also had
a greater incidence of injury. We can conclude, then, that
particular attention to precautionary strategies would be
appropriate for these individuals.
The effect of previous sternotomy on operative outcome
has been somewhat controversial. We previously reported
no statistically significant effect of reoperative status on
the outcome of reoperative mitral5 or aortic valve replace-
ment.6,7 Sabik and colleagues1 have reported a greater mor-
tality rate for reoperative coronary artery bypass, but they
argued that the increment was attributable to the patient’s
comorbidities and not the reoperation itself. Focusing
more specifically on the effect of intraoperative injury, Ell-
man and colleagues8 have recently argued, in contrast to our
experience, that injury during reoperation is not a risk factor
for perioperativemortality. Our findings are more consistent
with those reported by Roselli and colleagues.2 The expla-
nation of these institutional differences is unclear, although
a number of practice differences are likely present between
these institutions in terms of both patient substrate and sur-
gical practice. Compared with the series from the Univer-
sity of Virginia, the Mayo series we have reported
represents a greater percentage of total cases performed atTABLE 4. Hospital mortality according to timing and structure of injury
Variable Re-entry Prepump CPB
ITA 1/10 (10.0%) 6/26 (23.1%) 0/3 (0%)
SVG 4/11 (36.4%) 2/29 (6.9%) 1/4 (25.0%)
Aorta 4/17 (23.5%) 3/15 (20.0%) 0 (0%)
INOV 6/20 (30.0%) 1/15 (6.7%) 0/1 (0%)
RV 5/17 (29.4%) 3/8 (37.5%) 2/3 (66.7%)
RA 0/6 (0%) 1/8 (12.5%) 0/1 (0%)
CPB, Cardiopulmonary bypass; ACC, aortic cross clamp; ITA, internal thoracic artery; SVG
The Journal of Thoracic and Carthe institution (13.5% vs 7.8%), with a somewhat greater
percentage of those reoperations being for CABG (41%
vs 60%). In the Mayo series, a lower percentage were
first-time repeat sternotomies (83% vs 90%) and a greater
percentage were the fourth time or more (2.7% vs 1.1%).
The incidence of previous radiotherapy in the University
of Virginia series was not reported.
It is also unclear towhat degree the differences in surgical
practice, including the role of the assistant surgeons in per-
forming the repeat sternotomy, could account for these dif-
ferences. In the present retrospective study, we were unable
to demonstrate an effect of experience or expertise in either
the occurrence of injury or the outcome. However, it is clear
to all practicing surgeons that, when injury occurs, the judg-
ment and expertise of the operating surgeon is critical to ex-
peditious institution of CPB or other ‘‘rescue’’ maneuvers.
Perhaps of more practical value and broad applicability,
however, is the standardized approach to repeat sternotomy
advocated by the group at the University of Virginia, includ-
ing routine preoperative CT scanning if the procedure is the
third or fourth sternotomy and insertion of a femoral arterial
line by which emergent percutaneous arterial inflow cannu-
lation can be accomplished, if necessary. In their series,
emergent institution of CPB using the femoral route was in-
stituted in 1.8% of reoperative patients, constituting 19%
of the patients with injury. Most notably, in their series,
no deaths occurred among these patients. Serious consider-
ation should be given to adopting such protocols.
Many of our findings echo those reported previously by
other investigators. Our overall incidence of injury was sim-
ilar to that recently reported byRoselli and colleagues2 (7%)ACC Closing Total mortality P value
0 (0%) 0 (0%) 7/39 (17.9%) .014
0 (0%) 1/1 (100.0%) 8/45 (17.8%) .009
0/1 (0%) 0/1 (0%) 7/34 (20.6%) .004
0/1 (0%) 0/1 (0%) 7/38 (18.4%) .011
0/1 (0%) 1/2 (50%) 11/31 (35.5%) < .001
1/1 (100%) 0/0 (0%) 2/16 (12.5%) .457
, saphenous vein graft; INOV, innominate vein; RV, right ventricle; RA, right atrium.
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FIGURE 1. Hospital mortality according to emergent cardiopulmonary
bypass (CPB).
TABLE 6. Independent predictors for injury during repeat median
sternotomy
Variable
Odds
ratio
95% Confidence
interval
P
value
Radiotherapy 4.89 2.75-8.71 < .001
Increased number of operations 1.74 1.41-2.14 < .001
Patent ITA 1.82 1.37-2.43 < .001
ITA, Internal thoracic artery.
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8 (9%). Both the number of pre-
vious sternotomies2,3,8 and previous radiotherapy2,9 have
also been identified in previous studies as risk factors for
injury. Although sternotomy within 12 months did not
appear in our analysis as an independent risk factor on
multivariate analysis, injury was more common among
those with recent surgery, which has also been observed by
others.1,10TABLE 5. Postoperative results
Variable
No injury
(n ¼ 2324)
Injury
(n ¼ 231)
P
value
Intraoperative transfusion (U)
PRCs 3.3  2.9 6.8  5.5 < .001
FFP 2.4  3.1 4.7  4.3 < .001
Cryoprecipitate 1.9  5.3 5.0  7.7 < .001
PC 1.0  1.0 1.8  1.3 < .001
IABP 321 (13.8%) 70 (30.3%) < .001
Mechanical support 27 (1.2%) 9 (3.9%) < .001
Postoperative transfusion (U)
PRCs 4.5  7.2 6.5  8.9 .046
FFP 2.4  4.6 2.6  4.2 .945
Cryoprecipitate 2.3  6.4 2.8  5.8 .149
PC 1.0  3.1 1.1  2.1 .638
ICU stay (h) 102.3  228.6 146.3  346.9 < .001
Reoperation for bleeding 127 (5.5%) 21 (9.1%) .024
Sepsis 86 (3.7%) 16 (6.9%) .017
Stroke 56 (2.4%) 11 (4.8%) .033
Prolonged ventilation 505 (21.7%) 97 (42.0%) < .001
Pneumonia 123 (5.3%) 25 (10.8%) < .001
ARDS 32 (1.4%) 8 (3.5%) .015
Postoperative renal failure 237 (10.2%) 51 (22.1%) < .001
Multisystem failure 45 (1.9%) 13 (5.6%) < .001
Perioperative MI 9 (0.4%) 2 (0.9%) .289
Hospital death 151 (6.5%) 43 (18.6%) < .001
PRC, packed red blood cells; FFP, fresh frozen plasma; PC, platelet concentrate;
IABP, intra-aortic balloon pump; ICU, intensive care unit; ARDS, acute respiratory
distress syndrome; MI, myocardial infarction.
1032 The Journal of Thoracic and Cardiovascular SurBoth the structures injured and the timing of injury in
our study were similar to those reported by Roselli and
colleagues.2 Bypass grafts were the most commonly injured
and, perhaps in contrast to expectations, most injuries oc-
curred during dissection, not during sternal division. Unlike
their study, however, we found injury during sternal division
to carry a greater mortality risk. We observed a remarkably
high mortality rate associated with injury to the right ventri-
cle, as did Roselli and colleagues.2 This may be particularly
true in the presence of pulmonary hypertension, when at-
tempts to repair the injury are hampered by inadequate ac-
cess, progressive tearing of the ventricle secondary to
traction injury, and what can be a relatively thin and
friable free wall. The incidence of injury to the ITA in our
series (4.9%) was comparable to the 4.4%–5.3% reported
by other investigators.11-14 Because the ITA was damaged
more often during prepump dissection (20.7%) than
during re-entry (11.5%), these data support the trend to
avoid dissecting and isolating the ITA during AVR after pre-
vious CABG.12,13
We were unable to definitively assess the effect of any
specific protective strategies on the incidence of injury. Be-
cause we do not have standardized or uniform prospective
institutional policies in this regard, it was not possible to ac-
count for the confounding factor of the clinician’s judgment
in the decision to use these strategies in particularly high-
risk patients. Our high mortality rate associated with
SVG injury during sternotomy, however, supports theTABLE 7. Multivariate analysis for hospital mortality during
resternotomy
Variable
Odds
ratio
95% Confidence
interval
P
value
Injury 2.59 1.7-3.94 <0.001
Radiotherapy 3.37 1.69-6.7 0.001
Preoperative renal failure 1.89 1.25-2.87 0.003
Urgent/emergent state 2.86 2.03-4.02 <0.001
Preoperative cardiogenic shock 5.68 2.28-14.13 <0.001
NYHA (III-IV) 3.25 1.71-6.14 <0.001
Previous CABG 1.92 1.3-.82 0.001
Previous AVoperation 1.91 1.29-2.83 0.001
Current AVoperation 1.58 1.13-2.22 0.008
NYHA, New York Heart Association; CABG, coronary artery bypass graft; AV, aortic
valve.
gery c November 2010
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Drecommendation by others to carefully assess the course of
bypass grafts by preoperative angiography. Routine preop-
erative CT imaging of all patients with more than one pre-
vious sternotomy has been advocated by Morishita and
colleagues,3 with a demonstrable reduction in operative
complications. Roselli and colleagues2 identified a lack of
preparative imaging as the most common ‘‘lapse’’ in the
preventive strategy among patients with injury. Our data
suggest that CT scanning might be particularly helpful in
the subset of patients with multiple previous sternotomies
or radiotherapy and would support the institution of a policy
of routine scanning for these patients.
We were also unable to fairly judge the effect of the insti-
tution of CPB before performing sternotomy, because this
strategy was used only when the surgeon believed the risk
of injury was particularly high and, accordingly, was used
in less than 2% of cases. In contrast, Luciani and col-
leagues4 have now used this strategy in 35% of reopera-
tions. They noted shorter, not longer, global operative
times, because cardiac decompression afforded more expe-
ditious dissection. In contrast, in 2002, O’Brien and col-
leagues15 reported a 21-year experience of 546 repeat
median sternotomies with no major cardiac injuries. They
attributed these remarkable results to adherence to ‘‘direct
vision sternotomy,’’ by which only adhesions directly visu-
alized from below were divided, and only the sternal bone
that had been separated from adhesions was divided. Expo-
sure of the femoral vessels is an intermediate option, how-
ever, and the very appealing strategy of presternotomy
percutaneous wire access of the femoral artery and vein ap-
pears to have few disadvantages.8 Given the high mortality
rate associated with right ventricular injury, particularly
when associated with pulmonary artery hypertension, the
institution of CPB before sternotomy to permit decompres-
sion of the right ventricle might be particularly helpful in
this subset.
Our study has important limitations. As with any retro-
spective study, data collection was subject to attribution er-
ror. It is likely that not all injuries, particularly those that
were judged ‘‘minor’’ at surgery by the operating surgeon,
were recorded with the accuracy one might desire. Equally,
it is likely that not all rescue maneuvers were recorded. The
greatest limitation, however, was the inconsistency in the
application of preventive maneuvers and the incomplete
description of the factors leading individual surgeons in
specific cases to apply particular strategies. Although for-
malized procedures and protocols can interfere with daily
workflow, the explicit development of principles of practice
are necessary if the lessons of individual experience that
lead to expertise are to be taught.16 Ideally, the definition
of practice protocols will permit the identification of true
lapses and, accordingly, the correctable causes of those
lapses, as well as examination of effective and ineffective
rescue tactics.The Journal of Thoracic and CarCONCLUSIONS
On the basis of these data, we would advocate preopera-
tive axial CT imaging to define the proximity of cardiovas-
cular structures to the sternum of patients who have
undergone more than one previous sternotomy and those
who have undergone radiotherapy because these patients
statistically have the greatest risk of injury. We would also
advocate considering percutaneous or open access of the
femoral vessels, if not the institution of CPB, before sternot-
omy in these same patients, as well as those with significant
pulmonary hypertension. Because injury is common during
prepump dissection, we support a philosophy of leaving
patent ITA grafts undisturbed by attempts to gain control
during AVR after previous CABG. Finally, given the mor-
tality rate associated with graft injury, patients with previ-
ous CABG should be considered for graft angiography or
high-resolution CT.References
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Dr Irving Kron (Charlottesville, Va). I very much appreciate
the opportunity to have reviewed the manuscript before getting
this. The Mayo Clinic group has done a very careful analysis of
a large group of patients, and I found something very interesting,
that the mortality rate was 25% when an injury occurred during
sternotomy. Everyone who does redo surgery knows it is a really
bad day when you see blood bubbling up when you are halfway
done with a sternotomy. We have learned a lot from our own anal-
yses. We perform computed tomography (CT) scanning routinely;
it has helped us a great deal. We tend to leave the internal mam-
mary artery undissected to avoid injury, and I think we use bypass
prophylactically more frequently than the authors have. So, I
would ask as my first question, in retrospect, could you have antic-
ipated situations in which early bypass might have changed the re-
sults in the patients who had had cardiac injury during sternotomy?
Dr Park. Thank you for your question. As we showed in this
study, high-risk patients appear to be those with previous radio-
therapy, multiple sternotomy, or a patent internal thoracic artery
(ITA). They might benefit from the institution of cardiopulmonary
bypass (CPB) before sternotomy, as would patients with a large
right ventricle combined with pulmonary hypertension, because
patients with right ular-ventricle injury in this study and a high pul-
monary artery pressure and advanced NewYork Heart Association
functional class had greater apparent mortality. The patients who
died had had a greater pulmonary artery pressure. Therefore,
even though it might seem that right ventricle injury could be eas-
ily repaired, this injury should not be trivialized.
Dr Kron. More importantly, aortic injuries are probably the
scariest things that happen during CPB. The authors actually
have amortality rate of 23%when this kind of injury occurs, which
I think is lower thanmany reported series. I wonder if they have had
concomitant neurologic injuries, evenwith slightly bettermortality
than other published reports. Obviously, aortic injury is something
that requires, often, circulatory arrest and so on after that.
Dr Park. We were surprised that the stroke rates of these in-
jured patients was 4.8%, but of 34 patients with aortic injury,
stroke occurred in only 1 patient.
Dr Kron. My final question is, I am absolutely convinced that
the first operation sets up the catastrophes in the second. There is
no doubt in my mind that that occurs. I was wondering whether
you had analyzed, was the injury rate greater in the patients who
had initially undergone surgery at the Mayo Clinic versus those
who had been referred from other institutions?
Dr Park. Many of these patients were transferred to Mayo
Clinic, but we did not collect data about that, so we cannot answer
from our data set whether the previous operation had been under-
taken at the Mayo Clinic or not.
Dr Carlos A. Mestres (Barcelona, Spain). Dr. Park, again, an
excellent analysis. I only have one question.Were you able to iden-
tify whether the injuries or mortalities were related to who was re-
opening the chest, if it was a junior resident or someone senior at
the end of their training period, or an attending surgeon?Were you
able to identify that or not?
Dr Sundt. That is a great question of whether the attending was
performing the opening or an assistant. We did not actually
analyze the data in that way, but we could try and go back and
do that. Of course, it is difficult in retrospect to determine from1034 The Journal of Thoracic and Cardiovascular Surthe operative note exactly what was transpiring at that point in
time.
Dr Mestres. I say that because there has been always a contro-
versy about that particular issue in complicated reoperations. We
all have some feelings about that, but at the end of the road, senior-
ity might eventually count, and, of course, it is just to drive the re-
sponsibility away from the junior people.
Dr Sundt. To a remarkable degree, once the sternum is open,
you can breathe easy. It is like landing the plane on the carrier? It
Seems like a small part of the procedure, but it is the most stressful!
Dr Mestres. Absolutely.
Dr G. Hossein Almassi (Milwaukee, Wis). Is there a consistent
or a single policy on how to open the sternum? I mean, do you do
dissection under the sternum first before opening it or just blind,
using an oscillating saw to open the sternum? Have you looked
at that to see whether a difference exists between the 2 techniques,
dissection under the sternum completed before you open with
a standard or a reciprocating saw or with an oscillating sawwithout
previous dissection?
Dr Sundt.Again, that is quite variable. There are 9 surgeons on
staff right now at Mayo. There have been a number of others pre-
viously. So there is not a standardized approach to the best way to
open the sternum. I think that that is one of the items that this study
might inspire us to do, because it has convinced us that there really
is significant morbidity associated with sternal reentry problems.
However, the answer to your question is no.
Dr Craig R. Smith (New York, NY). We have been following
this problem for about 10 years, but out of respect for Secretary
Sundt’s instructions, I will not present the data, which leaves me
to resort to what I do best, which is my personal biases. So I will
share those. That is, I think that it takes 5 to 15 minutes to dissect
out an internal mammary artery. Once you have done that, it
becomes a very routine operation. On the rare occasions, when
we have injured an internal mammary artery, it is always almost
repairable with a simple patch, and I think it is rarely necessary
to perform prophylactic CPB. Those are my biases.
My question is, you are dealing with operative notes from I do
not know how many surgeons over how many years and relying on
their uniformity in how they describe an injury. Did you run into
individual variations that you think you were able to deal with
well enough to be confident of the uniformity of the data?
Dr Sundt. You are correct—there is variation in the data. That
is a challenge, and we added that comment about the definition of
injury for that reason. How do you define injury? There is no prac-
tical way to do it in retrospect other than to say it was an injury
that was stimulating enough to the surgeon that the surgeon elec-
ted to make notation of it in the operative note. But I fully ac-
knowledge there are a lot of injuries that are successfully
repaired, and, since it went well, were not recorded. Our associa-
tion between injury and mortality might actually be falsely high
because those injuries were not adequately and accurately
recorded.
Dr Omar Lattouf (Atlanta, Ga). As Dr. Kron stated, it is a bad
day when blood is spewing out of the sternum on a redo. It is
a worse day if the femoral artery and veins are not exposed and
you have to struggle to go down south and spend another 10 min-
utes on an elderly patient who might have a calcified artery and not
be able to go on CPB.gery c November 2010
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DThe question that I have for you is, have you looked at the inter-
val between being able to proceed with CPB, the duration of time,
and the survivability of those patients who had a negative out-
come? Thank you.
Dr Park. I did not collect data on the interval between sternal
incision, the femoral cannulation, and starting CPB. So I cannot
answer about that.
Dr Sundt. I think it is probably impossible to precisely define
that interval. I take your point. But I will also take this opportunity
to put a plug in for something I learned from Irv at the Southern
Surgical when he presented a very similar paper, although his
showed, as we noted, there was not a relationship between mortal-
ity. The tip I learned, and I think I am speaking correctly, Irv, is that
you access the femoral artery and vein with wires. We have
achieved such good percutaneous equipment now that if you just
put wires in the vessels, it can address that issue, and I think that
that is a great suggestion from the University of Virginia.
Dr Nasser Altorki (New York, NY). Have you come up with
strategies at the first operation that would reduce the risk of injury
on reentry if reentry becomes required in the future?
Dr Sundt. Well, we certainly place the ITA well into the left
pleural space. I know there is enthusiasm for performing extrap-
leural dissection of the ITA. I am going to have to answer likeThe Journal of Thoracic and CarCraig, with my experience. In my experience, it is hard to be
sure that that ITA is well out of the way if you do not open the
pleural space, so I like to open the left pleural space and move
it way over there, I do not want to run into the ITA in the midline,
and I think you can be careful about how you route your right vein
grafts so that they are not snaking right underneath the sternot-
omy. We have fiddled around with some of these different prod-
ucts to reduce adhesions. Actually my colleagues, Soon Park
and his group that use the ventricular assist devices, have spent
a lot of time and effort looking at the use of barrier technologies,
and I would say that that has not spilled over into the routine
practice.
Dr A. W. Atkinson (Raleigh, NC). My question essentially is
the answer that Dr Sundt just said, what about routine coverage
of the heart if the pericardium is not available, specifically on
the second sternotomy? Sometimes we get the lung across, some-
times we cannot. The pediatric people face recurrent reoperations.
Do they have any contributions in this area?
Dr Sundt. I think you would have to ask Joe Dearani and Harold
Burkhart who do most of the congenital work, along with Hartzell.
They have fiddled with some of these membranes, and none of
them have really caught on in any substantial way. I can say that
their use has not become a part of the general practice.diovascular Surgery c Volume 140, Number 5 1035
